The state of a single particle injected onto the surface of the Fermi sea is a pure state if the temperature is zero and is a mixed state if the temperature is finite. Moreover, the state of an injected particle is orthogonal to the state of the Fermi sea at zero temperature, while it is not orthogonal at non-zero temperature. These changes in the quantum state of the injected particles can be detected using the temperature dependence of the shot noise that is generated when the particles one by one pass through a semitransparent quantum point contact. Namely, the shot noise produced by the mixed state is suppressed in comparison with the noise of the pure state. In addition, the correlations between the injected particles and the underlying Fermi sea, present at non-zero temperature, do enhance the shot noise. Furthermore, antibunching of injected particles with possible thermal excitations coming from another input channel of a quantum point contact does suppress shot noise. Here I analyze in detail these three effects, which are responsible for the temperature dependence of the shot noise, and discuss how to distinguish them experimentally.
I. INTRODUCTION
Recent implementation of on-demand coherent singleelectron sources 1, 2 and subsequent demonstration of the quantum tomography of a single-electron wave function 3 and of the controllable two-particle interference 2,4-6 mark reaching the fundamental limit of the solid-state coherent electronics. This is the limit when the quantum properties of the smallest possible individual carriers manifest themselves directly in transport phenomena.
Here I address the question of how the state of a particle generated by a single-electron source is affected by the Fermi sea. To be more specific, I am interested in the physical phenomena accompanying injection of single particles on top of the Fermi sea at non-zero temperature and how they manifest themselves in transport.
This question was already addressed experimentally. Thus, the temperature dependence of the shot noise of the single particles (electrons and holes) generated by a quantum capacitor 7, 8 was reported in Ref. 9 . It was demonstrated experimentally that the shot noise gets suppressed with increasing temperature. The same effect was predicted 10 and observed 6, 11 when elementary excitations, levitons, were generated with the help of Lorentzian voltage pulses [12] [13] [14] . The temperature-induced shot noise suppression was explained as a result of quantum-statistical, fermionic antibunching of injected particles and thermally excited (quasi-)electrons and holes existing in the Fermi sea at non-zero temperature.
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Another explanation of this effect was put forward in Ref. 16 , where the shot noise suppression was related to the fact that the single-particle state injected at non-zero temperature is a mixed state, which is generally less noisy compared to a pure state.
Here I argue that in addition to antibunching with thermal excitations and thermal mixing of the singleparticle state, which both suppress the shot noise, there is additional effect, which enhances the shot noise.
This latter effect is related to the fact that at non-zero temperature the state of an injected particle is not orthogonal to the states of the Fermi sea. Although the fermionic quantum-statistical repulsion enforces injected particles and particles of the Fermi sea to be in different states at each time, it does not prevent them from occupying the same state but at different times. Indeed, being in the mixed state, a particle occupies different components of this mixed state at different times. Accordingly, two particles, each being in its own mixed state, can have coincident (or, better to say, not orthogonal) components, which they occupy at different times.
As I show below, the contribution to the shot noise arising due to correlations between injected particles and the thermal excitations of the Fermi sea is opposite to that of the antibunching effect. I propose experimental setups allowing to address each effect separately.
The paper is organized as follows. In Sec. II the temperature dependence of the shot noise is analyzed on the basis of the general relationship between the shot noise and the quantum state of scattered particles. I identify three physical mechanisms that influence this dependence, and in Sec. II D discuss how to separate their contributions experimentally. As an example, in Sec. III the temperature dependence of the shot noise of levitons is analyzed in detail. An account of results obtained in this work and their short discussion are given in Sec. IV.
II. SHOT NOISE
A. Setup I consider a mesoscopic collider [17] [18] [19] , an electron circuit consisting of two input and two output single-channel chi- 
A mesoscopic electron collider circuit with two input and two output chiral electron waveguides (shown as blue straight lines) coupled via an electron wave splitter (shown as a rounded rectangle). Two incoming states |Ψ in α , α = 1, 2, are scattered on the wave splitter. As a result the two outgoing currents I out β , β = 3, 4 are generated.
ral electron waveguides and an electron wave splitter, see Fig. 1 . These wave-guides can be, for instance, the chiral edge states of conductors in the integer quantum Hall effect regime. [20] [21] [22] The wave splitter can be a quantum point contact.
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The input waveguides are originated from their corresponding metallic contacts kept at the same or different temperatures, θ α , α = 1, 2, and at the same chemical potential, µ α = µ. Thus, the (noninteracting) electron systems of input waveguides are in equilibrium and they are described by the respective Fermi distribution func-
with k B being the Boltzmann constant and = E − µ being the energy E measured from the Fermi energy µ. At zero temperature all states with < 0 are fully occupied and all states with > 0 are empty. While, at non-zero temperature the states with > 0 are partially occupied and states with < 0 are partially emptied. It is convenient to treat the Fermi sea at zero temperature as (quasiparticle) vacuum. Then, the Fermi sea at non-zero temperature can be considered as vacuum with excitations. The thermal excitations with > 0 are quasi-electrons, while the empty states with < 0 are holes.
In addition, there is a single-electron source 1,2 , which injects particles at a rate of one particle per period T into the input α = 1. Therefore, the quantum state |Ψ in 1 , impinging the wave splitter through the channel α = 1, (see, Fig. 1 ) describes thermal excitations, quasi-electrons and holes, at the temperature θ 1 and particles injected by a single-electron source. While the quantum state |Ψ in 2 , impinging the wave splitter through the channel α = 2, describes thermal excitations at the temperature θ 2 only.
The incoming particles are scattered by the wave splitter into the outputs, where they generate electrical currents, I out β , β = 3, 4, see Fig. 1 . The measurement of these currents and their fluctuations provides information on the quantum states of the incoming particles.
B. An electrical noise and the quantum state of electrons I am interested in the long-time correlations that arise between fluctuating outgoing currents, I out 3 (t 1 ) and I out 4 (t 2 ). These correlations are characterized via the current-current cross-correlation function integrated over the time difference t 1 − t 2 and averaged over the mean time, (t 1 + t 2 ) /2.
25 I denote this electrical current correlation function as P 34 .
When individual particles, electrons or holes, are scattered on a wave splitter, the outgoing currents fluctuate. Since an elementary indivisible particle cannot be scattered to both outputs at once, the fluctuations of outgoing currents are anti-correlated and the correlation function P 34 is negative. This source of current fluctuations is called shot noise. [25] [26] [27] [28] [29] [30] [31] [32] For brevity, I will use the same name, the shot noise, also for current fluctuations and for the current-current correlation function P 34 .
When the incoming particles are in a pure quantum state, the shot noise is not sensitive to the details of the wave function. In contrast, when the incoming particles are in a mixed quantum state, this is no longer so: The shot noise gets suppressed and the value of the current correlation function depends on the properties of the mixed state.
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Another factors that affect the shot noise are correlations of two types: (i) correlations that arise when an electron is injected into the waveguide with other particles, and (ii) correlations that arise when particles from different waveguides collide on a wave splitter. At nonzero temperature, we inevitably encounter all the aforementioned factors.
To analyze the shot noise at non-zero temperature, it is convenient to express the shot noise P 34 in terms of the first-order fermionic correlation function, G for incoming particles in the input channels α = 1, 2. The corresponding equation in the case of equal temperatures, θ 1 = θ 2 , is obtained in Ref. 16 and it can straightforwardly be generalized to the case of unequal temperatures,
Here P 0 = e 2 T (1 − T ) /T with T being the transmission probability of a wave splitter. The factor v 2 µ , the square of an electron velocity, comes from the normalization of fermionic correlation functions.
The correlation functions G
α for the incoming state |Ψ in α can be represented as follows,
where G
p,θ1 is the first-order fermionic correlation function of particles injected by the single-electron source into the waveguide at the temperature θ 1 , 16,37 G
( 1) th,θα is the first-order fermionic correlation function of thermal excitations at the temperature θ α , and, finally, G (1) 0 is the first-order fermionic correlation function of vacuum, that is of the Fermi sea at zero temperature and chemical potential µ.
Apparently, the vacuum does not contribute to the shot noise, Eq. (1).
C. Excess shot noise
When the single-particle source is turned off and G (1) p,θ1 = 0, the shot noise, however, is generally not zero. Its source, at θ 1 = θ 2 , is the difference of fluxes of thermal excitations impinging the wave splitter from different input channels. Such a shot noise, caused by the thermal excitations, should not be confused with the thermal noise 25, 38, 39 , which does not contribute to the current cross-correlation function P 34 in the setup shown in Fig. 1 . In any case, the shot noise caused by thermal excitations is not of a prime interest here.
The focus of this work is on the contribution caused by the particles generated by the source. This contribution is defined as the difference of P 34 with the particle source being switched on and off and is called the excess shot noise,
After substituting Eq. (2) into Eq. (1) and then into Eq. (3), the excess noise is represented as the sum of three contributions,
Here P p 34
is the main part of the shot noise, caused solely by the scattering of particles generated by the source on the wave splitter.
At zero temperature and in the single-particle emission regime the left hand side is just −1. This becomes clear if to remind that in this case G
, where Ψ(t) is the wave function of an injected electron (normalized to one), see, e.g., Refs. 16, 33,40. At non-zero temperature, the state of an injected electron is a mixed state. Since the components of mixed state are occupied with probability less then one, the absolute value of the integral on the left hand side is reduced. 16 That is, with increasing temperature the injected particles become less noisy.
The two other terms, the correlation correction, P corr 34
and the antibunching correction,
are defined by the following quantity,
which characterizes the second-order coherence between injected particles and thermal excitations of the same channel, α = 1, or of another channel, α = 2.
The following symmetry of the fermionic correlation function, G
(1) (t 1 ; t 2 ) = G (1) (t 2 ; t 1 ) * , guaranties that J α is real. This is a reason why we can omit a sign of the real part, which is, strictly speaking, should be present on the right hand side of Eq. (4e). In fact, J α depends on the (square) of the overlap integral between the wave functions of an injected particle and of a thermal excitation. The difference in signs of P corr 34 and P ab 34 is due to different physical consequences of such an overlap.
a. The antibunching correction to the shot noise. When an electron propagating in the waveguide α = 1 reaches the wave splitter and there overlaps with the thermally excited particles from the waveguide α = 2, the quantum statistical, fermionic repulsion forces colliding particles to be scattered into different outputs. The colliding fermions, so to say, antibunch while colliding at the wave splitter. Therefore, in this case, overlap leads to more regularized scattering of colliding particles, which suppresses the shot noise. This is why P ab 34 has the sign opposite to that of P p 34 . Formally, the antibunching effect is due to the quantum-mechanical exchange of two fermions, which compete for the same trajectory after scattering. This is an electron analogue 2,4-6,11,41,42 of the well known in optics Hong-Ou-Mandel effect 43 .
b. The correlation correction to the shot noise. When the source attempts to inject an electron into the waveguide, where another fermions, the thermally excited quasi-particles, are already present, then the quantum-statistical, fermionic repulsion forces an injected electron to be in the state, which is different from the states of present particles.
At zero temperature, this quantum-statistical repulsion results in the state of an injected electron, which is orthogonal to the state of the Fermi sea. The overlap integral in this case is zero and J 1 = 0.
At non-zero temperature, the situation is more subtle. Since at non-zero temperature the states of particles are mixed states, the state of an injected particle is not necessarily orthogonal to the states of existing particles. The reason is that each of particles can occupy different components of its mixed state, so as not to be at the same time in the same state with some other particle. The mixed state in itself provides more room for fermions to avoid each other. As a result, the overlap integral is not zero and J 1 = 0, at non-zero temperature.
Since the overlap integral is not zero, the injected particle and the already present thermal excitations together effectively enhance occupation of states. Therefore, the occupation of states impinging the wave splitter from the input α = 1 is enhanced, which enhances the shot noise (compare: P p 34 decreases with increasing temperature, since the mixed state of injected particle contains many components but with small occupation). This is why the sign of P When the both waveguides have the same temperature, θ 1 = θ 2 ≡ θ, the overlaps integrals become the same, J 1 = J 2 . As a result P at temperature θ. And finally, as we already mentioned, the correction to the shot noise caused by antibunching of electrons injected at temperature θ with the thermal excitations at temperature θ is opposite in sign to the correlation correction, P ab 34 = −P corr 34 . Thus, we determined all three contributions.
To measure the antibunching correction, rather than a correlation one, we need to start from the setup with both waveguides kept at zero temperature, θ 1 = θ 2 = 0. In this case the excess shot noise provides us with P p 34 at zero temperature, which is P p 34 = −P 0 in the case when an electron source emits one particle per period.
Then we increase the temperature of the second waveguide to some finite value, θ 2 = 0. Remind, that a singleelectron source injects particles into the first waveguide with zero temperature, θ 1 = 0, and, therefore, there is no correlation correction to the shot noise, P corr 34 = 0. As a result, the excess shot noise is given by , P
To illustrate the general reasoning given above, I consider, as an example, the source of singly-charged levitons emitted at a rate of one particle per period.
2,10 In the same way, another single-electron source, the quantum capacitor 1 , can be analyzed. The corresponding fermionic correlation function G
(1) at non-zero temperature was calculated in Ref. 37 .
III. SOURCE OF LEVITONS A. Relevant first-order fermionic correlation functions
The first-order correlation function G (1) of excitations in the Fermi sea is defined as the difference of the correlation functions of the Fermi sea with and without these excitations.
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Leviton
The correlation function of a leviton created at a temperature θ can be written as follows,
Here the derivative of the Fermi distribution function,
defines the probability density for the components of mixed state. Each such a component is described by the following single-particle correlation function,
with Ψ L, being the wave function of leviton 10,14 of duration 2Γ τ created on top of the (fictitious) Fermi sea with chemical potential µ + (and with zero temperature). This (fictitious) Fermi sea is nothing but a component of the mixed state of the Fermi sea at non-zero temperature, see Eq. (7).
At zero temperature the probability density is the Dirac delta function, p θ=0 ( ) = δ ( ), and a leviton is created with certainty in a pure single-particle state with = 0: G
L, =0 . With increasing temperature the probability to find a leviton in the states with = 0 increases, and hence the mixedness of its state increases.
Thermal excitations
By analogy, the correlation function of thermally excited quasi-electrons and holes at temperature θ can be represented as follows,
where the components of multi-particle mixed state are described by the following correlation function,
The correlation function G (1) corresponds to a pure multi-particle state, the electron-like state for > 0 and the hole-like state for < 0. This is the same state as the one injected into a zero temperature electron waveguide when a constant bias eV = is applied to its metallic contact. This state consists of plane waves Φ with energy ranging from µ to µ + . Since the probability density is an even function of energy, p θ ( ) = p θ (− ), the occupation probabilities of corresponding electron-like and hole-like states, G (1) and G
−| | , are the same. Note that the correlation function G (1) th,θ is defined as the difference of Fermi sea correlations functions at temperature θ and at zero temperature, G (1)
F,θ=0 , where
with the thermal coherence time τ θ = /(πk B θ), see, e.g., Ref.
The representation for G
th,θ given in Eq. (6) is not unique. Integration by parts in energy gives a more familiar representation with the Fermi distribution function f ( ) (rather than its energy derivative) as the probability density and single-particle plane wave states Φ (rather then their bunch) as components of the mixed single-particle state, see, e.g., Refs. 50,51. Notice, for holes ( < 0) the distribution function is 1 − f ( ).
In fact, these two representations appeal to different pictures, multi-particle and single-particle, respectively. For the purposes of this study, the representation given in Eq. (6) is more convenient.
The same is true for the Fermi sea correlation function G 
where J ( , ) is given by the square of the overlap integral of the components of the mixed state of a leviton with energy and ,
with E L = /(2Γ τ ) being the energy of a leviton.
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The temperature dependence of P E L /π (or, equivalently, for long thermal coherence times, τ θ 2Γ τ ), when one can use p ( ) ≈ δ ( ), the noise tends to the shot noise of a single particle per period, P p 34 = −P 0 . While at high temperatures it gets suppressed. To estimate the shot noise one can proceed as follows. At θ θ * , when p θ ( ) and p θ ( ) in Eq. (8a) are almost constant over the energy interval of order E L , the overlap integral acts like a delta function, J ( , ) ≈ 2E L δ ( − ). This means, that the shot noise can be represented as the sum of contributions due to different components of the mixed state, which are correlated within an energy interval 2E L , but not correlated otherwise:
This asymptotics is shown as a red dashed line in Fig. 2 .
Remind that p θ ( ) is the probability (density) of appearance of the component of mixed state with energy . The square of this probability determines the contribution of this component to single-particle shot noise.
16,53
Thus, the gradual suppression of P p 34 with increasing temperature indicates increasing mixedness of a singleparticle quantum state. 
Here θ(x) is the Heaviside step function. The quantity f L, ( ), which is given by the square of the Fourier coefficient of the wave function of a leviton Ψ L, , has the following meaning. Mathematically, this is nothing but the energy distribution function of a leviton 14,54 created on top of the Fermi sea with zero temperature and the Fermi energy µ + . However, within the physical context of the problem in study, this quantity characterizes the overlap between a leviton and the thermal excitations of the Fermi sea. To be more precise, the integral over is the overlap between the component Ψ L, of the mixed state of a single leviton and the component, described by G (1) , of the multi-particle mixed state of the thermal excitations of the Fermi sea.
The peculiar property of a leviton is that the distribution function f L, ( ) is non-zero only for energies E = µ + larger than the corresponding Fermi energy µ + , that is, for > . This is reflected by the Heaviside step function in Eq. (9b). The distribution function is normalized such that
The temperature dependence of P corr 34 , Eq. (9), is shown in Fig. 3 . First of all, the sign of the correction P corr 34 is the same as the one of the main contribution, P p 34 , Eq. (8a). Therefore, the correlations that arise, when a leviton is created, do enhance the measured noise. The non-monotonous behavior of P corr 34 as a function of temperature is explained as follows.
For low temperatures, θ → 0, there are no thermal excitations and there is nothing to be correlated with. The correlation correction is zero. At intermediate temperatures, θ ∼ θ * , the effective energy of all the thermal excitations is of the order of the leviton's energy, k B θ ∼ E L /π, and the correlations are maximum. The suppression of P corr 34 at high temperatures, θ θ * , has the same origin as the suppression of P p 34 , that is, it is caused by the increasing mixedness of the quantum state of leviton.
Interestingly, the asymptotics of P corr 34
at high temperatures is exactly half of that of P p 34 , Eq. (8c),
This dependence if shown in Fig. 3 as a red dashed line. Such a halving is explained as follows. At high temperatures, k B θ E L , there are a lot of thermal excitations with various energies, such that the strength of the correlations arising is restricted only by the capability of a leviton. This is why at high temperatures the exponential factors of both quantities, f L, ( ) in Eq. (9) and J ( , ) in Eq. (8), can be approximated by the same delta function. As a consequence, the correlation correction P corr 34 , Eq. (9a), is related to P p 34 , Eq. (8a). The factor one half comes from the fact that a leviton with wave function Ψ L, (t) is correlated only with those thermal excitations, whose energy exceeds µ + , see Eq. (9b). A leviton is not correlated with those thermal excitations, whose energy is less than the chemical potential µ + . For brevity, one can call them (effective) quasi-electrons and holes, respectively. Quasi-electrons and holes appear on the average with an equal probability and, therefore, only in half the cases a levitons is subject to correlations. This reasoning explains why the reduction factor is exactly 1/2.
Note that another example of particles with the distribution function f L, ( ), Eq. (9b), are electrons injected by a quantum capacitor 1 in the appropriate regime 37, 52 . For this source, we can expect an analogous temperature dependence of the correlation noise.
D. Antibunching correction to the shot noise
The antibunching correction P ab 34 , Eq. (4d), is determined by J 2 , Eq. (4e), which generally depends on two temperatures, θ 1 , the temperature at which a leviton is created, and θ 2 , the temperature of thermal excitations, which a leviton collides on a wave splitter with. Therefore, while calculating J 2 we use Eq. (5) with θ = θ 1 and Eq. (6) with θ = θ 2 . Then the antibunching correction to the shot noise of levitons, P ab 34 , Eq. (4d), becomes
with the distribution function of levitons, f L, ( ), defined in Eq. (9b). Notice the different signs in Eqs. (8a) and (10a). Therefore, antibunching suppresses the shot noise.
2,4,18
The antibunching correction differs from the correlation corrections also in another reason. The correlation correction, P corr 34 , Eq. (9a), vanishes when a leviton is created at zero temperature, θ 1 = 0. While, the antibunching correction, P ab 34 , Eq. (10a), survives the limit θ 1 → 0, as long as the temperature of the other contact is not zero, θ 2 > 0.
Indeed, when θ 1 = 0 we use p θ1=0 ( ) = δ ( ) in Eq. (10a) and obtain, P ab 34
The temperature dependence of this correction is shown in Fig. 4 . Remind that in this case the shot nose caused by a leviton is P p 34 = −P 0 , see Eq. (8a) at θ = 0. At low temperatures, θ 2 → 0, there are no thermally excited quasi-particles capable to antibunch with a leviton and, therefore, P ab 34 → 0. While with increasing temperature, θ 2 ≥ θ * the antibunching noise suppression becomes essential. The maximum suppression occurring when θ 2 θ * is as large as P 0 .
This suppression is interpreted as follows. When the two colliding electrons overlap perfectly on the wave splitter, then both them do not contribute to the shot noise. This is valid for periodic 10, 15, 53, [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] as well as random 53, 65 single-electron injection. Therefore, in the case of two colliding levitons, the total shot noise is suppressed by 2P 0 .
2 If the colliding particles overlap only partially, then their contribution to the shot noise is suppressed only partially. In any case, only 1/2 of the antibunching suppression is attributed to the suppression of the contribution of one of the colliding particles.
Therefore, in our case, since the total suppression is P 0 , only half of the contribution of a leviton to the shot noise is suppressed. The other half of P 0 is attributed to the suppression of the contribution of thermal excitations.
Why the leviton's contribution is not fully suppressed in the high temperature limit, when there are a lot of thermally excited quasi-particles? The answer is following. A leviton created at zero temperature is able to overlap only with quasi-electron thermal excitations, that is, with particles describing by the correlation function G (1) , Eq. (6b), for > 0. The quasi-electron excitations appears with probability 1/2, which is given by ∞ 0 d p θ ( ) = 1/2, see Eq. (6a). The other half is a probability for a hole state to appear, which does not antibunch with a leviton. Therefore, a leviton experiences antibunching in half instances only. Consequently, its contribution to shot noise is suppressed at best only half. 
IV. DISCUSSION AND CONCLUSION
The quantum state of a single electron created on top of the Fermi sea is affected significantly by temperature. I discussed here the consequences of this for electrical shot noise. Three effects of temperature on shot noise were identified. The first effect is related to modification of a single-particle contribution to shot noise. While two other effects are associated with the appearance of twoparticle contributions to shot noise.
First effect: The quantum state of a particle injected at a non-zero temperature is a mixed state. The different components of the mixed state represents alternative (but not orthogonal) histories of a particle. Roughly speaking, the contribution to the shot noise of each component is proportional to the square of the probability of occurrence of this component. Although the sum of all probabilities is one, the sum of the squares of probabilities is less than one. As a result the single-particle shot noise gets suppressed. A decrease in the shot noise with increasing temperature indicates increasing mixedness of a single-particle quantum state.
Second effect: The state of a particle injected at a nonzero temperature is not orthogonal to the state of the Fermi sea. As a result, the thermal excitations and a particle injected by a single-electron source demonstrate Hanbury Brown and Twiss correlations that enhance shot noise. The temperature behavior of this contribution is non-monotonic.
At low temperatures, the increase in this contribution is caused by an increase in the number of thermal excitations. While at high temperatures, the corresponding contribution decreases with temperature. Using the source of levitons as an example, I demonstrated that this decrease is exactly half the same as a decrease of the single-particle shot noise. The reduction factor comes from the fact that particles injected on top of the Fermi sea are correlated with quasi-electrons and they do not correlate with holes. The quasi-electrons and holes appear with the same probability, hence, the reduction factor is one half.
Third effect: The antibunching of particles injected by a single-electron source in the waveguide α = 1 with possibly present thermally excited particles in the waveguide α = 2, does suppress the measured noise. This suppression is an electron analogue of the optical HongOu-Mandel effect. The contribution of this third effect to noise is described by the second-order coherence analogous to that, which describes the second effect, but with the opposite sign. Consequently, in the case of a singleparticle colliding with thermal excitations, the strength of Hong-Ou-Mandel correlations is maximally limited to half of what a single-particle would demonstrate if it would collide with an identical particle instead.
The difference from the second effect, however, is that now the second-order coherence depends on two temperatures: the temperature θ 1 , which the injected particle was created at, and the temperature θ 2 of thermal excitations. As a result, the antibunching effect exists, even if the injected particle was created in a pure state at zero temperature, θ 1 = 0, provided that θ 2 = 0.
In conclusion, I analyzed in detail the temperature dependence of the shot noise caused by particles injected onto the surface of the Fermi sea by a single-electron source. Such a dependence is ultimately due to the fact that the mixedness of quantum state of injected particles increases with increasing temperature. An experimental proof of the predicted effects would demonstrate that the shot noise is effective for experimental study of mixed quantum states.
